Objective: To establish the prevalence and causes of low vision and blindness in children aged 0 to 15 years in Fiji using existing data and new surveys.
W
ORLD HEALTH ORGAnization (WHO) data on global blindness in the early 1990s were obtained from surveys, census data, registrations, and estimates, 1 while the latest data published in 2004 were for visual impairment (blindness and low vision) and obtained mainly from population-based surveys of adults. 2 For children, the WHO reports the prevalence of blindness as 0.4 per 1000 children in high-income regions, 0.7 per 1000 children in middle-income regions, and 0.9 per 1000 children in low-income regions. 3 Data were obtained primarily for blindness/ severe visual impairment (SVI; visual acuity Ͻ20/200) and in almost all surveys, data were obtained from clinics and schools for blind individuals. [4] [5] [6] [7] [8] [9] [10] [11] This method allowed large numbers of visually impaired children to be examined in a short period of time and at less expense than populationbased surveys. Estimates of visual impairment were linked to childhood mortality and the economic development of a country so that estimates could be made for a country for which no data on prevalence were available.
However, with recent policies of inclusive education for all, increasing numbers of visually impaired children are being integratedintomainstreamschools;thus,studies exclusively at blind schools cover only a small proportion of children with impaired vision. In addition, schools for blind children are mainly located in urban areas and, owing to financial constraints, it is likely that children with severe visual impairment in remote rural areas of developing countries stayathomeinsteadofattendingschool.Furthermore, children at schools for blind individualsarelikelytohavepoorervisionthan those who attend mainstream schools, leading to a possible bias in both the prevalence and causes of visual impairment. More recently, the use of trained key informants in gathering the data of children who are blind has proven successful in rural areas of developing countries. 12, 13 Fiji is a developing country in the Western Pacific region with 2 major ethnic groups that comprise 90% of the population of 860 743 persons (Fijians, 55.6% and Indians, 36%).
14 Efficient delivery of education and health services in the more than 100 inhabited islands is a challenge. Economic figures show that the weekly mean wage in industry groups is FJ $59.51, 14 and the gross domestic product growth rate was 9.2 in 2006, which plummeted to −4.4 in 2007, 15 possibly as a consequence of the unstable political climate of Fiji and the dwindling economy that ensued. In 2005, the gross national income per capita stood at US $3280, 16 putting Fiji in the uppermiddle income group according to the World Bank Country Classification.
There is only 1 school for blind children in Fiji that is located in the capital, Suva; however, there are schools for physically, intellectually, and hearing-impaired children in other locations.
In many countries, visual acuity (VA; Ͻ20/60) is used to determine eligibility for special education support. However, previous studies have focused on blind children and children with SVI, creating a gap comprised of children with VA from less than 20/60 to 20/200. In response to this gap, we used a comprehensive methodology to obtain visual impairment data (VAϽ20/60) in children in Central Fiji.
As in most countries, reliable data on visual impairment in children in Fiji did not exist prior to this study. Our aim was to determine the prevalence and causes of visual impairment in children aged 0 to 15 years and to compare this estimate with that used by the WHO. This study formed the basis of a needs analysis to establish low-vision services for children in Fiji, with the resulting clinic being the first in the Pacific islands.
METHODS
Low vision (VAϽ20/60-20/400) and blindness (VAϽ20/400) were defined according to the WHO International Classification of Diseases, Tenth Revision (ICD-10) definition for bestcorrected VA. A disability in addition to visual impairment was documented if observed by the researcher during examination of children in the schools or at the clinic including hearing, physical, intellectual, or multiple disabilities.
STUDY AREA
The Central Medical Division (CMD) in Fiji was the study area with results extrapolated to the whole country given the good demographic data available 14 ; however, some relatively minor differences in the demographic data limited this extrapolation. The CMD is 1 of 4 medical divisions in the country that is located on the southeastern part of Viti Levu, the largest island in Fiji, with a population of 340 843; an estimated 29% of its population is younger than 15 years. 14 The population in Fiji is equally divided between urban (50.7%) and rural (49.3%) locations. The largest proportion of the CMD's population lives urban areas, whereas most persons in the other divisions live in rural areas (all Ͼ60%). The 2 main ethnic groups are Fijian (57%) and Indo-Fijian (37%), with Fijians making up 64% of the rural and 50% of the urban sectors. The 2 largest divisions, Central and Western, contain 77% of the total population. The Central, Western, and Northern Divisions each have a divisional hospital with eye care departments; in CMD, eye care is provided at the Colonial War Memorial (CWM) and in the private sector through optometrists and ophthalmologists. were residents of the CMD during the period of data collection, and had best-corrected VA of less than 20/60. Data were obtained from 4 existing and new sources: informal registers for the visually impaired, school vision screening programs, key informants, and new cases seen at the CWM eye clinic ( Table 1) .
STUDY DESIGN, ELIGIBILITY, AND DATA COLLECTION
Records accessed were the registers and files kept by the following organizations:
v Community Based Rehabilitation Program (run by the Fiji Society for the Blind), which includes early intervention, integrated education, case finding, and referrals v Fiji School for the Blind v Persons registered as having low vision at the CWM eye clinic; all patients seen at the low-vision clinic; either hospitalbased or outreach clinics.
Records were obtained from existing screening programs and 2 new ones conducted for this study:
v Project HEAVEN (Hearing and Vision Enhancement) is a nongovernment organization that carries out vision and hearing screening of all primary and secondary school students in Fiji once every 5 years. Students identified as having a vision or hearing problem are referred to the appropriate service for follow-up.
v Government school health teams: each subdivision has a school health team that makes annual visits to all primary schools within their areas for immunization, eye care, and general health care.
v Special school screenings: students who attend one of the 6 schools for children with hearing, physical, and mental disability were screened by Dr Cama. The 3-m letter and Lea Symbols charts were used with matching cards if needed; bestcorrected VA was measured with a pinhole, and students with suspected low vision were referred to a CWM eye clinic for further ophthalmic assessment.
v Secondary school screening: vision screening, as part of this study, was conducted for best-corrected VA. All students with visual acuity of less than 20/40 were referred to either an optometrist or a CWM eye clinic but only those with bestcorrected VA less than 20/60 were included.
Health care workers at the subdivisional level, optometrists, and ophthalmologists in private practice were considered key informants. They were informed of the study and requested to refer all children in their care who were suspected of having low vision to a CWM eye clinic for a full ophthalmic assessment.
All new children with impaired vision seen at the CWM eye clinic during the study period from other referral sources were also included in the study. 
STATISTICAL ANALYSIS
Statistical analysis was performed using the Statistical Package for Social Sciences (version 14; SPSS Inc, Chicago, Illinois). Confidence intervals given were at the 95% level, while the significance level for 2 and paired t tests was PϽ.05.
RESULTS
Names and dates of birth were checked to avoid double counting. A total of 81 children were identified by the sources ( Table 1 ). The proportion of children of Fijian and Indian ethnicity was comparable with the population of Fiji ( Table 2) . In 10 cases, it was noted that identification was from 2 different sources (CBR Program and School Health Team, School Health Team and Project Heaven, and Project Heaven and CWM). For 7 of 10 of these cases, the student did not seek specialist help after the first referral and was reidentified by a different screening team. Identification was then recorded as the initial source. Causes and onset of visual impairment were complete for 70 medical records ( Figure) . If data had only been obtained from clinics and schools for blind children, only 52 of 81 of these children (60.5%) would have been identified (Table 1) . Similarly, if our study had only focused on children with SVI, only 37 of 81 of the children (45.7%) would have been included (Table 2) .
CAUSES OF VISUAL IMPAIRMENT
The causes of visual impairment were predominantly unavoidable (75.7%; 53 of 70 cases), with macular/retinal causes being the highest single anatomical site cause at 45.3% (24 of 53 cases); cortical, 28.3% (15 of 53 cases); whole globe, 13.2% (7 of 53 cases); optic disc, 9.4% (5 of 53 cases); and cornea and anterior segments, 1.9% each (1 of 53 cases) (Figure) . The avoidable causes of visual impairment were predominantly cataracts, both those that had received surgery and those that had not, 52.9% (9 of 17 cases); retinopathy of prematurity, 35.3% (6 of 17 cases); and whole-globe esotropia with amblyopia or refractive error, 11.8% (2 of 17 cases).
The youngest child identified was aged 3 years, despite hereditary and congenital causes of vision loss and blindness making up 71% of causes. Using sensitivity analysis and assuming that 100% of children with visual impairment would have been identified by 11 to 15 years of age, the actual and assumed prevalence figures were calculated ( Table 3) . Using probable age of onset showed that 126 children are likely to have low vision and blindness in the CMD. Using odds ratios, the likelihood of being identified and referred for children younger than 5 years was very low (odds ratio, 0.17; 95% confidence interval, 0.12-0.21); they were still low for the 6-to 10-year age group (OR, 0.57; confidence interval, 0.49-0.64) compared with the 11-to 15-year age group. The prevalence of 1.13 per 1000 children (blindness,0.36per1000children)approximatestheWHO's estimates for a middle-to high-income country.
When adjusting prevalence for age, ethnicity, sex, and residence,resultsshowedvisualimpairmenttobemoreprevalent in Indian children and those residing in rural areas (Table 4) . However, further analysis showed that only residence was significant (PϽ.05) when a higher proportion were from rural areas. Taking into consideration the minor differences in other divisions as a limitation in the extrapolation of data to the whole country, the estimated number of visually impaired children in Fiji is 325. Approximately 40 children attend the School for the Blind and fewer than 10 are supported in integrated education. Our study found that 26% of all children had a disability in addition to visual impairment, and 76.2% of children (16 of 21) with additional disabilities were in specialeducation (not blind) schools. The remaining children were not enrolled at any school, as 2 were younger than 5 years, 2 were of school age but, owing to severe multiple disabilities, were kept at home in rural villages, and one child with intellectual disability was of school age but was kept at home.
COMMENT
Thisstudyhasdeterminedthecausesandestimatedtheprevalence of visual impairment in children in Fiji and used more comprehensive methodology than any other study of childhood low vision and blindness. In doing so, it identified many groups of children who have not, or have only partially, been included in other studies, namely those with low vision or multiple disabilities, rural residents, and those who do not attendschool.Ithasdemonstratedthatstudiesthatuseschools for the blind and hospital clinics underestimate the prevalence by about 40% and, similarly, if the definition of SVI is used, fewer than half of children with impaired vision would be counted. To plan eye care, low vision, education, and rehabilitation services, it is imperative that figures used include children with low vision as well as those who are blind or have SVI. Previous surveys have included only SVI for prevalence and causes of visual impairment such as those in China, where 91% of children at schools for the blind had SVI 9 ; in Ethiopia, 94.5% 8 ; and in India, 91.7%. 18 A strength of this study was the 5-year age groups for which data were collected. This, in addition to knowledge of the probable age at onset of visual impairment, allowed for sensitivity analysis to recalculate the prevalence data to derive a more accurate estimate of visual impairment in children. This study found the prevalence of low vision to be 0.774 per 1000 children and blindness, 0.36 per 1000. The prevalence of childhood blindness has also been shown to be associated with the mortality rate of children younger than 5 years 3 ; in Fiji in 2007, it was 18 per 1000 children. 23 Using these figures, the estimated prevalence of blindness in children in Fiji would be 0.4 per 1000, similar to our results. According to WHO estimates, this figure suggests that the Fijian data are comparable with a higher-income region rather than a the middle-income country, the band in which it is currently located.
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When adjusting for variables of age, sex, ethnicity, and place of residence, the only significant variable was urban vs rural residence. Interesting but nonsignificant figures were found for ethnicity, with higher proportions in Indo-Fijian children with visual impairment. The higher prevalence in rural areas is likely to be related to the distance to eye care in divisional hospitals. This is evidenced by the fact that most children with visual impairment (36.5%) had been previously examined or were referred during the study to the eye department at CWM; most of these children were from the urban area around Suva. Poor access to services and eye care may contribute to the presence of children with cataract who had not had surgery and the higher prevalence of visual impairment in rural areas. The urban and rural populations are equal (50.3% vs 49.7%) across the country but vary by division, with CMD having a smaller proportion of ruraldwelling people. Extrapolation from CMD to estimate the numbers for the whole country is possible but, because CMD has a smaller rural population, this could lead to underestimation for Fiji as a whole, as the prevalence of low vision and blindness is higher in rural areas.
An important finding was the gap in identification of visual impairment in the preschool-aged group; this was not unexpected, as there are few vision screening programs for this age group. Of children younger than 5 years who were identified as having visual impairment, 86% (6 of 7) from CWM were brought in by their parents while the remaining child was identified by a rural health care worker. This lack of awareness and training of community health workers as key informants to detect children with significant vision loss has resulted in the low rate of identification and referral of preschool-aged children. In Bangladesh, key informants have been shown to be effective in identifying children with impaired vision, as they recruited 63.4% of children who were blind or had SVI. 12 Given the success of using key informants for those who are severely visually impaired, efforts could be made to train village health workers and other community-based health workers to identify blind children and those with low vision. Vision 2020 Fiji should consider training existing community health workers as key informants to identify and refer preschool-aged children, as this method has been shown to be effective in detecting children who are blind or have SVI.
Records from school screening programs could also be an important source of data. Our study found limitations owing to the nonstandard methods of screening and reporting of results. While only 15% were identified though school vision screening, this identified children who were in mainstream schools who had not been included in other studies. Another useful source was the CBR field-workers but they only identified school-aged children. These workers have been trained to conduct vision screening, are familiar with referral pathways, and have identified some children with visual impairment. With more training to assess vision in preschool-aged children, the use of these fieldworkers as key informants may prove beneficial in Fiji. The pattern of causes of visual impairment was expected to reflect those of a developing country; however, this study found that causes are more similar to those of a developed country. Only one 15-year-old child had corneal opacity from presumed vitamin A deficiency, and there were no other causes related to nutrition. A possible reason for the low rate of corneal disease is the almost total coverage of measles immunization. 19 While most causes were unavoidable, 9 children were visually impaired owing to cataract. While cataract is not avoidable, the visual impairment is avoidable with timely cataract surgery. The changing pattern of visual impairment to mainly unavoidable causes shows that Fiji is in a transition stage similar to that recently observed in India. 20 The number of children with multiple disabilities in schools for children with disability who had not previously been identified as having visual impairment and who were not previously treated or referred to low-vision services was significant. It has been reported that up to 60% to 70% of children with multiple disabilities also have visual impairment. 21 In a study by Rahi et al, 22 77% of cases were found to have an additional nonophthalmic disability, making them an important group to include in epidemiologic studies. Where causes were known, our study found 30% of visually impaired children (21 of 70) to have an additional disability; 38% of these children were enrolled in a school for children with disability and another 38% in the School for the Blind, while the remaining 19% did not attend any school. The finding of cortical visual impairment further signifies the importance of screening in schools for children with disability.
Culture also plays an important role in that people from developing countries or from poorer regions tend to keep children who are visually impaired at home or they may not be accepted in mainstream schools. In this case, data taken exclusively from schools would underestimate the prevalence. Statements report that 10% of visually impaired children in developing countries have access to education. Our study showed that 14 of 61 children did not attend any school (23%). Of these 14 children, 57% were school aged, 35.7% (5 of 14) resided in rural areas, and 71.4% (10 of 14) were Fijians.
This was not a population-based study, so is likely to still underestimate the prevalence of visual impairment. Despite this shortcoming, the methods used to obtain the prevalence figures in this study are reliable and feasible for any small country. All age groups in all areas within a country can be accessed in a relatively short period of time and with minimal expenses, provided all previously recorded data are standardized and accurate. This method will also give a more reliable estimate than studies that just use schools for children with disability or clinics. The gaps in finding younger children for early intervention need to be addressed in communities. With better data, eye health and education programs can better plan services for children who are visually impaired. 
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